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(54) Polarisation-independent optical device 

(57) A polarisation-independent optical device for 
influencing the phase of an optical signal was obtained 
by including, in a light conductor (11), two identical 
adjustable phase shifters (14, 15), between which there 
is placed a polarisation converter (16). Optical signal 
components (I) entering at the input (12) of the light 
conductor as TE and TM polarisation modes, leave the 
light conductor at an output (1 3) as TM and TE polarisa- 
tion modes having the same phase differences with 



respect to the signal components at the input. By way of 
simultaneous control of the phase shifters (14, 15) hav- 
ing a same modulation voltage V, there is obtained a 
polarisation-indpendent phase modulator. By including 
such a phase modulator in a branch of an MZ interfer- 
ometer and placing, in the other branch, an identical 
polarisation converter, there may be realised a polarisa- 
tion-independent switch or an intensity modulator. 




FIG. 1 




Printed by Rank Xerox (UK) Business Services 
2.13.11/3.4 



HMSDOCID: <EP 0752607A1_I_> 



EP 0 752 607 A1 



Description 

A. BACKGROl JMn nr t H e INX/fmtiom 
1. Field of the Invention 

The invention lies in the field of optical devices 
More in particular, it relates to an optical device for 
polansation-independently influencing an optical signal 
according to the preamble of Claim 1. 

2. Prior art 

Modulating and switching optical signals are basic 
functions in optical communication systems. Through 
modulation, the information to be communicated is 
expressed in one of the parameters of a light signal 
such as the amplitude, the power, the phase or the fre- 
quency of the signal. Through switching, light signals 
may be routed through a network of optical connections, so 
Optical connections are mostly realised with the help of 
glass fibres. Standard glass fibres are not polarisation- 
retaining, whereas many optical devices, such as 
receivers, switches and modulatore, are polarisation- 
sensitive. This applies all the more to optical devices in 
integrated embodiment, such as a result of the planar 
configuration typical of integration. On the other hand 
with a view to cheap mass production, it is precisely 
integrated embodiments which are of great importance 
for large-scale introduction such as. e.g.. in optical com- 
munication and/or distribution networks with large num- 
bers of connections. 

Reference [1] (for more details on the references 
see under C. below) discloses an optical device of the 
type mentioned above, integrated on semiconductor 
material, which comprises two strip-shaped waveguides 
running in such a manner with respect to one another 
that there is formed a Mach-Zehnder interferometer (MZ 
interferometer) between two directional couplers. In one 
of the waveguides, there is included an actively control- 
lable waveguide portion, in which, with the help of elec- 
trode means, a phase shift may be induced in an optical 
signal propagating in said waveguide portion. Outside 
this actively controllable waveguide portion, the 
waveguides have a passive structure. It is reported that 
an extreme degree of polarisation-independence is 
attained by suitably chosen structural differences 
between the actively controllable waveguide portion and 
the waveguide portions having the passive structure 

Reference [2] discloses a modulator based on an 
MZ interferometer realised on InGaAsP/lnP, in which 
the waveguide branches of the interferometer have a 
suitably chosen orientation with respect to the crystal 
orientation of the material applied. The phase shifts 
caused by electrode means in the branches are then no 
tonger the result of linear electro-optical effects (also 
known as Pockels effect), but are obtained with the help 
of quadratic electro-optical effects, as a result of which 
a high degree of polarisation-independence is obtained 



The devices disclosed in the references [1] and [21 
which are based on an MZ interferometer have the 
drawback that the (high degree of) polarisation-inde- 
pendence obtained strongly depends on the chosen 
5 type of material and/or on the chosen waveguide struc- 
ture, with which the devices are realised. 

Reference [6] discloses a polarisation converter in 
an integrated embodiment which, just as the device 
referred to in the preamble of claim 1. comprises a 
io polarisation converter between two phase shifters to be 
separately set. 

Reference [7] further discloses a polarisation-con- 
trol dev.ce in which a similar polarisation converter is 

« T* U I branCh 0f an MZ in terferometer, whereas in 
is the other branch there is further included a second 
polar.sat.on converter which is preceded by a phase 
snifter. 



B. SUMMARY OF THF jN\/ENTJQfc| 



The object of the invention is to provide an optical 
device of the type mentioned above, which does not 
have the said drawback of the devices disclosed in ref- 
erences [1] and [2]. It achieves this by twice subjecting 
*s an optical signal propagating in a channel-shaped 
waveguide having signal components acceding to two 
mutually orthogonal polarisation modes (TE or TM) to 
the same phase shift, firstly on the signal as it enters the 
waveguide and subsequently after the optical signal has 
30 been subjected to a polarisation conversion. This 
results in polarisation-independent effects in the phase 
shifts being averaged out over both polarisation modes 
as it were as a result of which a polarisation-independ- 
ence is achieved. The invention applies this to a da/ice 
35 of the type mentioned above, which for this purpose is 
characterised as in Claim 1. Such a device may advan- 
tageously be applied as phase modulator in cases in 
which the polarisation of the signal is unknown or it is 
impossible, at the assembly of the device, to take the 
«> polansation into account. By including such a phase 
modulator in one of the branches of an MZ interferom- 
eter, there may be formed an intensity modulator. For a 
polansation-independent operation, in the remaining 
branch there must take place a polarisation conversion 
45 as well. In a prefened embodiment, therefore, the 
device is characterised as in claim 2. 

Other prefened embodiments are summarised in 
further subclaims. 

Ref erence [3] discloses a planar optical device for 
so dispersion compensation, which is composed of a quin- 
tuplet of asymmetric MZ interferometers, there being 
centrally placed, transversely to both branches in each 
interferometer, a harf-wave plate. Said plate realises a 
I t/TM conversion in each of both branches, as a result 
ss of which the optical path lengths for both polarisations 
become equal. In one of the branches of each interfer- 
ometer, there is additionally included a thermo-optically 
adjustable element for setting a suitable phase differ- 
ence between both branches, to tune the device to 
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desired values for a positive and/or negative dispersion. 

From reference [4] it is known per se to avoid, with 
th§ help of a polarisation converter in the shape of a 
half-wave plate, a double-refracting effect, at least 
strongly to reduce it, in a multiplexer based on a so- s 
called "arrayed-waveguide grating". 

Such half-wave plates are basically also usable as 
polarisation converters in the device according to the 
invention. They do not, however, permit a fully-inte- 
grated construction, and moreover they introduce addi- 10 
tional signal losses and reflections. A polarisation 
converter which is very suitable for this purpose is dis- 
closed, e.g., in reference [5]. This is applied in a pre- 
ferred embodiment of the device according to the 
invention. 15 

C. REFERENCES 

[1J EP-A-0477605; 

[2] M. Bachmann et al. a "Polarization insensitive 20 
waveguide modulator using InGaAsP/lnP Mach 
Zehnder interferometer"; 

[3] K. TaWguchi et al., "Planar lightwave circuit dis- 
persion equaliser module with polarisation insensi- 
tive properties", Electronic Letters, Vol. 31 , No. 1 , 25 
5th January 1995, pp. 57-58; 
[4] Y. Inoue et al., "Polarization mode converter with 
polyimide half waveplate in silica-based planar 
lightwave circuits", IEEE Photon. Technol. Letters, 
Vol. 6. No. 5, May 1994, pp. 626-628; 30 
[5] J.J.G.M. van der Tol et al., "Efficient short pas- 
sive polarization converter", European Conference 
on Integrated Optics, April 1995; 
[6] FR-A-2496344; 

[7] EP-A-0 198245. 35 

All references are considered incorporated in the 
present application. 

D. BRIEF DESCRIPTION OF T HE DRAWING 40 

The invention will be explained in greater detail by 
means of a description of an exemplary embodiment, 
reference being made to a drawing comprising the fol- 
lowing figures: 45 

FIG. 1 shows a device for influencing the phase of a 
light signal according to the invention; 

FIG. 2 shows a device for influencing the amplitude 

of a light signal according to the invention; so 

FIG. 3 shows a variant of the device shown in FIG. 
2. 

E. DESCRIPTION OF EXEMPLARY EMBODIMENTS 

55 

In the devices to be described, polarisation-inde- 
pendence is obtained by an averaging of polarisation- 
dependent effects. In particular, this is achieved by elim- 
inating polarisation-dependence of driving effects in 
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active components such as modulators and switches. A 
first exemplary embodiment relates to a phase modula- 
tor. Such a component is applied in coherent systems to 
record information in the phase of the light wave. FIG. 1 
diagrammaticaliy shows a polarisation-independent 
embodiment thereof. According to this embodiment, the 
phase modulator comprises a channel-shaped 
waveguide 11 having an input 12 and an output 13, in 
which there is included, between two identical phase 
shifters 14 and 15, a polarisation converter 16. The 
phase shifters are constructed as electrode means 
(symbolically shown in the figure) which are driven by 
way of driving lines 17 and 18 having a common termi- 
nal 19 for connecting a power source having voltage V, 
and which are both operational over a length L in the 
channel-shaped waveguide 11. In the polarisation con- 
verter 16, signals having a TE and a TM polarisation are 
converted into signals having a TM and a TE polarisa- 
tion, respectively. 

The operation is as follows: A light signal I which 
enters by way of the input 12 of the waveguide 1 1 hav- 
ing a TE polarisation undergoes, in the first phase 
shifter 14, as a result of the voltage V applied, a phase 
shift PHI(V,TE). in the polarisation converter 16, the 
light signal is converted into a signal having a TM polar- 
isation, whereafter in the second phase shifter 15, as a 
result of the voltage V applied, an additional phase shift 
PHI(V,TM) is experienced. The net phase shift in an out- 
put signal U exiting by way of the output 13, therefore, is -•*#& s - 
the sum of said two phase shifts, i.e., PHI(V,TE) + 
PHI(V,TM). For a light signal I which enters having a TM 
polarisation, the phase shift in the first phase shifter 1 4, 
as a result of the voltage V applied, is PHI(V.TM). After 
conversion into the TE polarisation in the polarisation 
converter 16, the converted signal additionally under- 
goes, in the second phase shifter 15, a phase shift 
PHI(V.TE), so that in this case, too, the net phase shift 
in the output signal U is equal to the sum of the phase 
shifts PHI(V,TE) + PHI(V.TM). Since any polarisation 
state of an entering light signal I may be decomposed 
into a TE and a TM component, this means that any 
entering light signal will undergo, in the phase modula- 
tor, a total phase shift which, in the output signal U, is 
equal to PHI(V,TE)+PHI(V,TM). Therefore, if in both 
phase shifters 14 and 15 on either side of the polarisa- 
tion converter 16 at the same polarisation the same 
phase shift is experienced, polarisation-independence 
is achieved. Such phase shifts may be realised in a sim- 
ple manner by rendering the electrode means of the 
phase shifters 1 4 and 1 5 operational over a same length 
L of the waveguide at a same electrical driving, e.g., 
with a voltage V when applying a Pockets effect or with 
a current l e when applying charge-carrier injection. 

As polarisation converter, an eiectro-optically 
adjustable converter may be applied as disclosed in ref- 
erence [6]. There may also be used a passive polarisa- 
tion converter as disclosed in reference [5J. 

This principle may also be applied in an optical sig- 
nal modulator, based on a Mach-Zehnder interferom- 
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eter, with which the amplitude of a light signal may be 
modulated, varied or switched, depending on the 
method of driving. In this connection, the phase modu- 
lator of FIG. 1 is included in one of the two branches of 
the MZ interferometer. FIG. 2 diagrammatically shows a 5 
setup therefor. An M2 interferometer 20 comprises, 
between an input section S,, formed by a first Y junction 
21, and an output section S Ut formed by a second Y 
junction 22, a first wave-guiding branch 23 and a sec- 
ond wave-guiding branch 24. The first Y junction 21 pro- 10 
vides an input channel 21.1 of the MZ interferometer 
whereas the second Y junction 22 provides an output 
channel 22.1 of the MZ interferometer. In the first 
branch 23, there is included, between two substantially 
ident.cal phase shifters 25 and 26, a first polarisation 15 
converter 27. The two phase shifters 25 and 26 are cou- 
pled and simultaneously drivable by way of a common 
driving line 28 by means of a driving voltage V. In the 
second branch 24, there is included a second polarisa- 
tion converter 29 which, at least substantially, is identi- 20 
cal to the polarisation converter 27 in the first branch 23. 

The operation of an MZ interferometer is based on 
the interference of the light signals from the two 
branches 23 and 24, which converge in the second Y 
junction 22 of the output section $ u . If these are in 25 
phase, there occurs constructive interference and a 
zero-order mode signal is excited in the output channel 
22.1 . If the light signals are out of phase, however, there 
occurs destructive interference and the light radiates To 
make intereference possible, however, it is required that 30 
the polarisations of the two light signals be identical. 
Therefore, the application of the polarisation-independ- 
ent phase modulator which comprises a polarisation 
converter, in a branch, in this case the first polarisation 
converter 27 in the first branch 23, also requires the 35 
presence of an identical polarisation converter in the 
other branch, in this case the second polarisation con- 
verter 29 in the second branch 24. Such a second polar- 
isation converter in the second branch is likewise 
desired for obtaining an equal attenuation in the two 40 
branches, since an unequal signal strength of the light 
signals from the two branches adversely influences the 
interference. 

Apart from the amplitude modulator of FIG. 2, the 
known other variants of modulators and switches based 45 
on an MZ interferometer may be rendered polarisation- 
independent as well. A variant thereof is the arrplitude 
modulator having a so-called "push-pull" operation. This 
may be applied when using a linear effect, such as the 
Pockels effect, for realising the desired phase shifts, so 
resulting in that the driving voltage V may be halved. 
Said variant is diagrammatically shown in FIG. 3. Here 
in the second branch 24 of the modulator according to 
FIG. 2, there are placed, on either side of the polarisa- 
tion converter 29, two further identical phase shifters 30 55 
and 31 . Said further phase shifters are drivable by way 
of a common driving line 32 having a driving voltage -V, 
as a result of which in the second branch 24 there are 
caused phase shifts -PHl(V,TE) and -PHI(V.TM). 



A polarisation-independent 1x2 switch may t?e 
obtained by replacing the Y junction 22 of the output 
section S y by a polarisation-independent 2x2 50/50 
coupler. Such a 2x2 switch may be obtained by also 
replacing the Y junction 21 of the input section S, by a 
polarisation-independent 2x2 50/50 coupler. 

The principle described above for achieving polari- 
sation-independence may be applied to all integrated 
optical embodiments of phase modulators and of 
switches and modulators based on an MZ interferom- 
eter. Below, there is discussed the application of a pair 
of relevant materials, which are suitable for such 
embodiments. 

1) Lithium niobate 

Lithium niobate is a very suitable material for realis- 
ing switches and modulators, on account of the great 
electro-optical effects, the high<jua!ity waveguides and 
the low coupling losses with glass fibres. The change in 
the refractive index for both polarisations, however, 
depends on the choice of the orientation of the sub- 
strate, the waveguide direction and the polarity of an 
electrical field applied. Admittedly there is known a con- 
figuration in which the phase shifts for TE and TM are 
equal, but opposite in sign. In this case use is made of 
one of the smaller electro-optical coefficients. The driv- 
ing voltage required here, however, becomes too large 
for use at high frequencies. The application of a polari- 
sation converter between two identical phase shifters in 
a manner as shown in the devices of FIG. 1 and FIG 2 
offers a solution here. In this case for obtaining the 
required phase shifts use may indeed be made of the 
largest electro-optical coefficient, and it is therefore pos- 
sible to work at sufficiently low driving voltages. As a 
polarisation converter, an electro-optical embodiment 
may be chosen as is disclosed in reference [6]. An inte- 
grated embodiment of a passive polarisation converter 
based on lithium niobate has not been disclosed so far. 

2) Indium phosphide (InP) 



InP is a material which makes possible the integra- 
tion of various types of functions (optical, electrical, 
opto-electrical) on a substrate, and with which in addi- 
tion components may be realised which are suitable for 
signal processing at wavelengths which are standard for 
glass fibres. InP has electro-optical effects which gener- 
ate a positive refractive-index change. There are two 
effects: a polarisgtion-independent effect to a magni- 
tude of 6n=8x1 0 and a polarisation-sensitive effect of 
at most 3x1 0 5 at a driving voltage of 15 V in a typical 
heterostructure, namely. InP/lnGaAsP/lnP. With these 
changes, there may be realised, over a length of 7 mm 
for the TE polarisation and of 9 mm for the 7M polarisa- 
tion, sufficiently large phase shifts (namely, n rad.). InP 
has the advantage that there is known an integrated 
embodiment of a passive polarisation converter (see 
reference [5D- A device as shown in FIG. 2 realised on 



SNSDOCID: <EP. 



_0752607A1J_> 



EP 0 752 607 A1 



8 



InP, could be made up of: 

* > a first Y junction in the input section S| having mon- 
omodal channels, having a length which may be 
limited to 0.5 mm; 

a first phase shifter having a length L of approxi- 
mately 4 mm; 

a polarisation converter having a length of approxi- 
mately 1 mm; 

a second phase shifter having a length of approxi- 
mately 4 mm; 

a second Y junction in the output section Sy having 
a length of approximately 0.5 mm. 

The overall length of such a device in integrated 
form on InP may therefore be limited to approximately 1 
cm. 

Claims 

1. Optical device for polarisation-independently influ- 
encing an optical signal, which device comprises: 

a channel-shaped waveguide section in which 
optical signals propagate having signal compo- 
nents according to a first and a second, mutu- 
ally orthogonal polarisation mode, 
first phase-shifting means, operative in a first 
subsection of the channel-shaped waveguide 
section, for generating first variable phase 
shifts in signal components propagating in the 
first subsection, 

second phase-shifting means, operative in a 
second subsection of the channel-shaped 
waveguide section, for generating second vari- 
able phase shifts in signal components propa- 
gating in the second subsection, and 
a polarisation converter, included in the chan- 
nel-shaped waveguide section between the 
first and the second subsection, for converting 
signal components propagating in the first and 
in the second polarisation mode into signal 
components propagating in the second and in 
the first polarisation mode, respectively, char- 
acterised in that the first and the second 
phase-shifting means are coupled and the first 
and the second phase shifts are equal, at least 
substantially, for equal polarisation modes. 

2. Optical device according to claim 1 . characterised 
in that the device additionally comprises: 
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ing signals are equally distributed and propa- 
gate therein having signal components 
according to first and second, mutually orthog- 
onal polarisation modes, with the channel- 
shaped waveguide section being part of a first 
of the two waveguide branches, 
a further polarisation converter of a type equal 
to the former polarisaton converter, which fur- 
ther polarisation converter is included in a sec- 
ond of the two waveguide branches of the MZ 
interferometer, and 

a wave-guiding output section connecting to 
the MZ interferometer. 

Device according to claim 2, characterised in that 
the device further comprises third and fourth cou- 
pled phase-shifting means of a same type as the 
first and second phase-shifting means, respec- 
tively, which third and fourth phase-shifting means 
are operative in a first and a second subsection, 
respectively, of the second waveguide branch on 
either side of the further polarisation converter, with 
the third and fourth phase shifts being inversely 
equal to the first and the second phase shifts, 
respectively. 

Device according to claim 1 , 2 or 3, characterised in 
that the polarisation converters are passive con- 
verters. 

Device according to claim 2. 3 or 4, characterised in 
that the input section and the output section are Y 
junctions. 

Device according to claim 2, 3 or 4, characterised in 
that the input section and the output section are 3 
dB couplers. 

Device according to claim 2, 3 or 4, characterised in 
that the input section is a Y junction and the output 
section is a 3 dB coupler. 

Device according to claim 2, 3 or 4, characterised in 
that the waveguide branches are monomodal 
waveguides and that at least one polarisation con- 
verter of the polarisation converter and the further 
polarisation converter is a 100% TE<->TM converter 
known per se, based on a monomodal waveguide 
having a periodic geometrical structure. 
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a wave-guiding input section for incoming opti- 
cal signals, 

a Mach-Zehnder interferometer connecting 
thereto, provided with two waveguide branches 
moving away from one another to outside their 
mutual interaction distance and subsequently 
coming together again, over which the incom- 
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FIG. 3 
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